Obesity, and especially abdominal obesity, is related to an increased risk of cardiovascular and metabolic diseases. Many disturbances related to abdominal obesity show their onset in the childhood years. Thus, during these years, it's important to properly monitor body fat and its distribution. The aim of this study was to investigate the fat patterning in Italian, Estonian and Spanish schoolchildren. The sample consisted of 2024 children (1005 boys and 1019 girls) aged 6 to 11 years. Anthropometric measurements included triceps, biceps, subscapular, supraspinal, suprailiac, thigh, medial and lateral calf skinfold thicknesses, height and humerus width. Two indices of central adiposity and frame index were calculated. Italian children of both sexes showed higher values of skinfold thicknesses than Estonian and Spanish children, while Spanish children showed overall higher values of central adiposity indexes, followed by Italian children. On the contrary, Estonian children showed higher values of the frame index and lower central adiposity. From a public health perspective, a priority will be the development of programs aiming to prevent obesity, in particular when a central pattern of fat distribution emerges during childhood.
Introduction
It is well known that obesity, and especially abdominal obesity, is associated with increased risk of a number of cardiovascular and metabolic diseases. Many disturbances linked to abdominal obesity show their onset in the childhood years [1] [2] [3] [4] [5] . Therefore, it appears of great importance to monitor body fat and its distribution properly during these years. To this aim, the body mass index (BMI) might be an easy-to-measure indicator, but it's known that BMI does not discriminate fat-free mass from fat mass. Moreover, using skinfold and circumference measurements, it was suggested that BMI may underestimate changes in body fat occurring in children [5] .
Fat patterning is influenced by many factors such as gender and age [6] [7] [8] : boys tend to have a more centripetal distribution than girls and this trend increases with increasing age. Furthermore, during growth, the distribution of body fat changes together with its amount, with variations of fat deposition in the trunk and in the extremities. The pattern of relative fat distribution, during the adolescence, is strongly related to the adult one although it's linked to the inter-individual differences in the rate and timing of the growth spurt [9, 10] . Fat patterning also varies with ethnicity, and a different genetic contribution to fat distribution has been reported for some populations [11] [12] [13] . Finally, the lifestyle, nutritional habits, social conditions, etc., could also have an effect on fat patterning [14] .
RESEARCH ARTICLE
A tendency to truncal/central fat distribution has been reported in children [3, 15, 16] . However, relatively little data are available on abdominal visceral fat in children and adolescents [10, 17, 18] , and on truncal body fat [2, 3, 14, 19] . Therefore, with the objective of increasing the knowledge on body fat distribution in children of different ethnicity, the present study aimed to investigate the fat patterning in Italian, Estonian and Spanish school children.
Materials and Methods
The sample consisted of 2024 children (1005 boys and 1019 girls) aged 6 to 11 years (Table 1) attending primary school in Cento (Ferrara, Italy), Tartu (Estonia), and Granada (Spain).
All children and their parents were informed about the purpose and contents of the study and written informed consent was filled by the parents before participation. All the procedures were conducted according to the principles expressed in the Declaration of Helsinki.
Skinfold thicknesses were measured at eight sites (triceps, biceps, subscapular, supraspinal, suprailiac, thigh, medial and lateral calf). Furthermore, the humerus width and height were determined.
All measurements were carried out by an expert technician according to standard techniques described by Weiner and Lourie (1981) [20] . The children's body height was measured with a free standing Magnimetre stadiometer (Raven Equipment); skinfold thicknesses were measured with a Lange caliper (Beta Technology Incorporated, Cambridge, Maryland); and humerus breadth was measured with a small sliding caliper (Martin type, GMP, Swiss Made).
Two indices of subcutaneous adipose tissue distribution were calculated as indicators of body fat distribution: I 1 = triceps/subscapular skinfolds [16, 19] and I 2 = (subscapular + suprailiac/biceps + triceps + subscapular + suprailiac skinfolds) 100 (trunk-to-total skinfolds %) [16, 19] . As completion of these, a frame index (humerus width/height) was calculated as a measure of frame size [21] .
Data on organized extracurricular physical activity were also collected using ad-hoc questionnaires. In particular, it was examined whether the children practiced or not of organized physical activity, and, when applicable, the duration of weekly practice.
One-way ANOVAs were used (separately for each sex and age) to examine differences between countries in skinfold thicknesses, body fat distribution and frame size. Height was included as covariate in these analyses and adjusted post-hoc comparisons were used to evaluate the differences between children from different countries in adjusted means. One-way ANOVAs were also used to compare the mean hours of weekly training between the three countries. Finally, the percentage of children involved in physical activity was calculated for different countries, ages, and sexes for descriptive purposes. All statistical analyses were performed with Statistica 5.5 (StatSoft, Inc. 2000). The significance level was set at p<0.05.
Results Tables 2 and 3 shows the mean values of height-adjusted skinfold thicknesses for boys and girls, respectively. Among boys, Italian children generally showed higher skinfold thickness values than Estonian and Spanish boys. The only exception regarded the supraspinal skinfold, turning out to be thicker in Spanish children in all age groups.
Moreover, Estonian boys exhibited the thinnest skinfolds, with the exception of upper limbs skinfolds (biceps and triceps), where they showed higher thickness than Spanish ones ( Table 2 ).
Similar differences between countries were evident among girls (Table 3) , though the differences between Estonian and Spanish girls regarding subscapular and suprailiac skinfolds were of lesser magnitude than among boys.
In both sexes and at all ages, Estonian children showed the higher frame index values, followed by Spanish and then by Italian children (Tables 4 and 5) .
Estonian children showed, in both sexes and at all ages, the lowest central fat mass. Indeed, I 1 was higher in Estonian children, followed by Italian and then by Spanish ones, while the I 2 index was lower in Estonian followed by Spanish and Italian children (Tables 4 and 5 ).
When examining physical activity practice in children from different countries, on the whole samples subdivided by × sex, it emerged that the percentage of children practising organized extracurricular physical activity was higher in the Spanish sample than in the Italian and Estonian ones, both for boys (respectively 85% vs. 64.9% vs. 55.3%) and girls (respectively 74.2% vs. 60.3% and 55.7%). Among Italian children, the percentage of children engaged in organized physical activity showed an overall tendency to increase with age but to decrease in the 11-yrs age class. In the Estonian and in the Spanish samples, no particular trend related to age was observed (Table 6 ).
Although the proportion of children engaged in organized physical activity was higher in Spain, the mean time of practice per week was significantly higher in Estonia than in 
hrs).

Discussion
The aim of this study was to compare fat patterning and adiposity between Italian, Spanish and Estonian schoolchildren.
The measurement of fat distribution in children is an important tool of prevention, [3, 4, 14, 16, 19, 22] allowing identification of individuals at risk of obesity and associated morbidity [23, 24] . To value the pattern of fat distribution in children and adolescents, different anthropometric measurements and indices have been suggested. The effectiveness of these indices can be deduced by the relation with intra-abdominal adipose tissue and metabolic health outcomes. According to Goran et al. [22] , intra-abdominal adipose tissue can be predicted from abdominal skinfold and ethnicity in pre-pubertal children. Furthermore, subcutaneous abdominal adipose tissue can be predicted by another set of skinfolds and other anthropometric measurements.
In this study, we observed a trend to more centrally distributed fat, especially when considering the I 1 and I 2 indices, in Spanish schoolchildren followed by Italians and finally by Estonians, who showed a more peripheral fat distribution.
When compared to the data presented by Moreno et al. [16, 19] , I 1 showed at all ages and in both sexes lower values in the present Italian and Spanish children and similar values for Estonian children. The trunk-to-total skinfolds % index (I 2 ), showed for all the age/sex/country subsamples examined here mean values higher than those reported by Moreno et al. [16] . This finding suggests a trend towards a central pattern of fat distribution in the examined populations, and in particular in children from Spain, that is, the same country of children examined in previous studies of Moreno et al. [16, 19] . In summary, the present findings demonstrate a trend towards a central adiposity that is appearing over time. This is in agreement with the study of Garnett et al. [5] that reported a faster rate of increase in central adiposity than in general adiposity, particularly in girls.
The differences in fat patterning between observed between countries may suggest different levels of risk for the considered populations. Indeed, the tendency to a certain degree of truncal fat shown by Italian and particularly by Spanish children might involve higher health risks with respect the Estonian boys and girls [2, 25] . In adults, it is well established that a more central obesity is connected to an increased health risk [26, 27] . Several studies showed that, also in children, higher central adiposity is related to problems regarding serum lipoprotein concentrations and blood pressure [28, 29, 30] . Since adiposity and other cardiovascular risk factors tend to track from childhood into adulthood, an early assessment of central adiposity in important in children to individuate those with actual or potential excessive central adiposity. The increase in childhood obesity prevalence is connected to a more sedentary lifestyle with limited physical activity as well as changes in dietary habits. However, less information is available regarding the causes of a central obesity and its trend over time in the population, although it's known that in adults an increase in fatty diet may influence the regional subcutaneous fat distribution [16] .
The lower fat patterning here observed in Estonian children could be subsequent to a different lifestyle. Estonia is a country that has experienced massive socio-political and economical changes which have influenced the lifestyle, nutritional habits, and physical development of children [31] . Food in Estonia was traditionally high in fat. During the socio-economic transition, a variety of foods became available and nutritional habits have been modified towards healthier choices [32] , although fatty foods seem to be still preferred, particularly by overweight children [31] .
While considerable changes have occurred during the last decades in Estonia, an Eastern European country that recently became member of the European Union [31] , Italy and Spain are developed and socio-economically stable countries.
In Italy and in Spain, young people tend to abandon the Mediterranean Diet and to increase the consumption of caloric foods with saturated fatty acids and low nutritional components [33, 34] . In particular, the results of a nutritional survey carried out by our research group [35] on a sub-group of the present sample of Italian children suggested that the high frequency of overweight children is due to excessive nutrition, high lipid intake and sedentary habits.
Together with increasing consumption of energetic foods, European populations tend to adopt a more sedentary lifestyle. It was postulated that obesity in adults is, nowadays, more correlated with levels of physical activity than with nutritional aspects [36] . At this regard, our data on the practice of organized physical activity showed that although the percentage of children who engage in such activity was higher in the Spanish sample, the amount time dedicated every week to training was higher among Estonian children.
Besides lifestyle, possible genetic differences between children from the three countries can not be excluded, as shown by the skeletal constitution determined on the basis of the skeletal dimension [37] and by the values of frame index, indicating a higher frame size in Estonian children.
In conclusion, we found significant differences between Italian, Spanish and Estonian children with regard to size and fat patterning. These differences are supposed to derive from a combination of biological and environmental factors.
According to Moreno et al. [16] , the variation in fat distribution in several populations may be the consequence of the historical trend called 'civilisation syndrome' [38] , which consists of decreased physical activity, increased stress and anxiety. Thus, since in Italy, Spain and Estonia the diet is rich in fat, the differences in physical activity and in physical constitution would seem to be the main factor to explain the observed differences in body fat distributions [37, 39] .
Another important point that emerges from this study is the general trend of central fat patterning over time. This trend, regarding all the considered samples and especially Spanish and Italian children, could lead to an increased rate of diseases associated to central adiposity. Therefore, from a public health perspective, a priority will be the development of programs aiming prevent obesity, in particular when a central pattern of fat distribution emerges from childhood.
